Hatzimanouil, D., Kanuoglou, A., & Kolkas, I. (2015). The effect of gender in risk factors and characteristics of injuries in athletes of handball national teams. J. Hum. Sport Exerc., 10(4), pp.904-914. The aim of the present study was to present the injuries and to examine the effect of gender in risk factors and characteristics of injuries in players of a high competitive level. The sample of the study consisted of 16 juniors, 16 men, 15 young women and 15 women handball players who were members of Greek national teams. All athletes were given a self-reported questionnaire. The questionnaire related to the injuries the players had suffered during their involvement in the sport during the last 24 months. The incidence was for male and female 40.6% and 37.9% respectively. The percentage of severity for male was 40.9% and for female 40%. Injuries occurred in both genders mainly during the training sessions. The type of injuries in male players was ligament injuries whereas in female it was muscular strains. The localization of injuries for both genders was the lower limbs. The mechanism of injuries was the contact with the opponent player. Players used conservative treatment in their long period of returning to the same sporting activities after injury. A small percentage presented a relapse after injury. Correlation analysis showed the prophylactic equipment, the rate of incidence of at least one injury, the players' opinion about the cause of injuries, the injury mechanism, the severity of injuries, the treatment, the days of players' absence and the players with no modification of training program after injury had a significant difference between male and female players. Conclusively, the gender affects risk factors and characteristics of injuries at a high competitive level. The necessity of studying this matter in another sample is obvious.
INTRODUCTION
Team handball is a spread worldwide Olympic contact sport, with a high risk of injury for both genders (De Loes and Goldie, 1988; Renstrom et al., 2008) . From the review of the literature it seems that there is a lot of a research for injuries in team handball. However, few of them refer to injuries for high competitive level handball players (Langevoort et al., 2007) . These specific researches didn't correlate the results with these which occurred in the other gender at this competitive level, while this is necessary and very important.
Each sport should have its own model of injuries, which can be more or less, specialized (Hoeberigs et al., 1986) . The knowledge of this model can be very important for the prevention and for the medical care that perhaps needs to be given to a woman or a man athlete. Furthermore, it is useful to define the most important causative factors of injuries in handball with a view to make the specialized model for each competitive level of each country (Chatzimanouil et al., 2011) .
The frequency of injuries in team handball had been investigated by a lot of researchers and in fact it varies because of injury definition, the athlete's characteristics and the research method (Petersen et al., 2005) . Moreover, due to the fact that there is a competitive variety and competitive level the model of injury must be specialized and exclusive and must refer separately to each specific athlete's subgroup (Inklaar, 1994) . This is very important because in this way each subgroup will develop its own preventive programs and methods which probably differ from another subgroup of another competitive level of the same sport of the same country. Furthermore, each country has a different competitive level and as much information as someone can collect for injuries for each subgroup, the model of injuries can became more specialized.
Particularly, the recent period team handball in Greece has developed rapidly and has a lot of international success either at national level or at club level. This shows that this sport has a trend to be a professional sport. This also has an impact in the training programs which must apply and must include preventive methods for injuries because in this sport injuries are inevitable (Asembo and Wekesa, 1998) . Although many studies have been conducted in European countries, little is known about injuries in Greek handball. Exact information about the gender in high level players needs to be identified before initiating intervention trials. Such a study might provide baseline information for further investigation in Greece.
From the review of the literature it seems that there is little knowledge as it concerns injuries in team handball in correlation with the gender in the same competitive level. Most of the researchers examine the correlation between genders with specific injuries. For example Hewett et al. (2007) examines the anterior cruciate ligament injury and the gender-related hormonal differences between men and women. The relation between gender and cruciate ligament injury also showed the research of Shultz et al. (2008) , who examined the neuromuscular, the biomechanics, anatomic and hormonal risk factors for injuries. Furthermore Harmon and Ireland (2000) , examined the intrinsic and external factors of both genders with the anterior cruciate ligament injury. Lian et al. (2005) examined the correlation between gender and "Jumper's Knee" injury of many sports (included team handball). Furthermore, Bahr and Holme (2003) researched the risk factors while they examined the gender emphasizing the methodological approach concerning hamstring strain injury.
In conclusion, scientific aspects are controversial. Hoeberigs et al. (1986) , reported that gender didn't play a role as a risk factor for the injuries in team handball. Furthermore field position is another factor over which there is conflicting evidence and refers to gender. Tsigilis and Hatzimanouil (2005) and Seil et al. (1998) , did not find any significant differences among the field positions in relation to the risk injury of male VOLUME 10 | ISSUE 4 | 2015 | 906 team handball players. On the other hand, Wedderkopp et al. (1999) reported a higher injury incidence in female backcourt players, whereas Biener & Perka (1980) reported that middle-field females sustained more injuries. The above studies (Biener & Perka, 1980; Seil et al., 1998; Wedderkopp et al., 1999) , suggest that the risk injury of a player in relation to their field position might be associated with gender. Moreover Rasuli et al. (2012) , reported there were differences between men and women concerning the location of injuries in team handball and they stated that this probably occurred because of the gender, however this research examined only women players and took into account results from other authors who had men population as a sample in their research.
Finally it seems that there is not enough research effort concerning the correlation of the gender and injuries of high level players who are members of national teams. This lead to the aim of the present study which was to compare and to correlate injuries in team handball between men and women of high level players who were members of Greek national teams and to examine the risk factors at this competitive level of this athlete's group.
MATERIAL AND METHODS

Sample
The total sample of the study consisted of 16 juniors, 16 men, 15 young women and 15 women handball players who were in Greek national teams of juniors, men, young women and women. All athletes were regular participants of the teams.
Research tools
All athletes were given a self-reported questionnaire developed specifically for this research. The questionnaire related to the injuries the players had suffered during their involvement with the sport within the period of the last 24 months. An injury was defined as an accident sustained during practice or competition, which led to a medical problem (e.g., pain, disability) and prevented participation in training sessions or games for at least one day beyond the date of occurrence (Gibbs, 1993; Hodgson et al., 1998 ). More specifically, at the beginning of the questionnaire each player was required to give information and data on personal characteristics such as age, weight, height and his history of athletic activity and participation. In addition, each player gave further information about warm up exercises, prophylactic equipment, stretching exercises and technical training. In the main part of the questionnaire, information was required on injuries which the players had sustained during the last two years. For instance, the incidence, the severity (injuries were graded into four categories of severity): mild (absence from practice less than one week), moderate (1-2 weeks of absence), serious (2-4 weeks of absence), and severe (more than four weeks of absence) (Seil et al., 1998) , the percentage of players who had to be hospitalized, the localization, the type and mechanism of injury, the time (that is, during training or at a match), the method of treatment, and the relapse of the injury. Finally, information was asked about environmental factors, such as the place where the injuries occurred.
Procedure
The questionnaires were suitably formed and were completed by each player separately during the visit made by the researchers at both male and female national team training sessions. The completion of the questionnaires was done during the official game tournament. Participation in the study was voluntary. If an injury was listed, more questions had to be answered regarding the severity, the localization, the time (that is, during training or at a match) and relapse. The researchers were present to answer any questions posed by the athletes. There was a 100% response from the questionnaire. In total, 62 questionnaires were completed (30 by females and 32 by male athletes). All injuries reported concerned sport injuries and not those related to overuse syndromes. Nicholas and Hershman (1990) state that sport injury is an acute musculoskeletal injury, related to an accident which happened in scheduled matches or training sessions and which results in the absence of a player from at least one match or training session. In the present study handball players were asked to complete a self-reported questionnaire. Therefore, an issue can be raised regarding its reliability. It should be underlined that none of the scientific articles that were used as a reference for the research confirmed the reliability of the administered questionnaire. It is possible that the contradictory results which are frequently found in the literature regarding sport injuries, stems from tools of low reliability. Future studies should attempt to clarify this issue. The results of the present study should be viewed while taking into account the above considerations.
Statistical Analysis
In the analysis of the data, the mean was taken, as well as the standard deviation, and the frequency of the values of each variable and their percentage. The differences between male and female players were studied with the statistical test x2. The level of significance was determined at 0.05. The statistical package which was used was SPSS 21. Table 1 . Personal characteristics of sample.
RESULTS
Note. The values are means. Standard deviation appear in parenthesis.
Descriptive statistics
From the results of descriptive statistics it is shown that incidence rate for male players was 8.3/ (1000h) and for female was 6.79/ (1000h) during games. Incidence rate for male players was 0.69/ (1000h) and for female was 0.47/ (1000h) during training. The severity for male players was serious (40.9%), moderate (36.4%), very serious (13.6%) and small (9.1%). For female players it was serious (40%), very serious (33.3%), moderate (13.3%) and small (13.3%). For the type of injuries female players presented more sprains than male athletes while male players presented more ligament injuries than female athletes. As far as the localization is concerned it seems that beside injuries in lower limbs, female players also presented injuries in upper limbs and differed from male players in the percentage. Female presented 29.4% while male 8.7%. In our study the mechanism of injuries showed male players having injuries from contact with opponent players more often than female players. In our study despite female players presenting a higher percentage and significant difference than male in very serious injuries these players demonstrated a significant difference from the male players in conservative treatment. Furthermore, from our results it VOLUME 10 | ISSUE 4 | 2015 | 908 seems male athletes followed surgery treatment more than female athletes. From our results it seems male players needed more duration to come back to the same sporting activity after injury than female. Most of the male players needed more than 30 days while most female athletes needed a period between 20-30 days. Lastly, in our study female players had a significant difference and used more modification training programs after an injury than male athletes while there was a much higher percentage of female players in relation to male athletes that use training programs with no modification. 
Correlation Analysis Use of prophylactic equipment
There was a significant difference between the gender and the use of prophylactic equipment (x2(1) = 6.398, P=.01). More specifically it is shown that, female players used the prophylactic equipment more often than male players.
Type of injury
There was a significant difference between the gender and the type of injury (x2(6) =108.869 P=.000). Female players presented more sprain injuries than male players. Furthermore male players presented more ligament injuries than female athletes.
Localization of injuries
There was a significant difference between the gender and the localization of injuries (x2(2) =9.226, P=.01). Female players presented injuries mainly in the lower extremities while they had a higher percentage in upper extremities than male players. In male players the localization of injuries was mainly in lower extremities while they had a higher percentage than female players.
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Overuse There was a significant difference between the gender and the player's opinion of what the reason of their injuries was (x2(2) =10.968, P=.004). Male players believed more than female players that their injuries originated from overused while 1/3 of female athletes can't understand the reason which caused their injuries.
Injury mechanism
There was a significant difference between the gender and the injury mechanism (x2(3) =17.9, P=.000). More specifically it is shown that the mechanism of injuries for male players was caused more often by contact with opponent players than female players. Moreover, 4.8% of male players presented injuries from contact with teammates while female players didn't. Lastly, male players presented more self-inflicted injuries than female players.
Severity of injuries
There was a bias in a significant difference between the gender and the severity of injuries (x2(3) =6.786, P=.079). More specifically it is shown that female players differ from men players in the severity of injuries. The differences are mainly in variables of very serious injuries, moderate injuries and small injuries. The percentages of male and female players are 13.6% and 33.3%, 36.4% and 13.3%, 9.1% and 13.3% respectively.
Treatment
There was a significant difference between the gender and the treatment of injuries (x2(1) =4.816, P=.028). More specifically it was shown that female players differ from men players in treatment of injuries. Female players followed conservative treatment more often than men players. Furthermore, injured male players followed operative treatment more often than females.
Days of absence
There was a significant difference between the gender and the days of returning to the same sporting activity after injury (x2(4) =26.261, P=.000). More specifically 50% of female players returned to the same sporting activity after 20-30 days while the percentage of male athletes for the same days was 17.4%. For the duration of returning to the same sporting activity in more than 30 days, male players presented a percentage of 47.8% while female presented 14.2%.
Players with no modification program
There was a significant difference between the gender and the players with no modification of training program after injury (x2(4) =19.034, P=.001). Female players who used modification training programs after injury were more than male players. More specifically the percentage of female players was 37.5% and of the male was 15.8%. Furthermore female players were more than male players in using training programs with no modification. The percentage was 25% and 10.5 respectively.
DISCUSSION
The injury incidence was calculated as the number of injuries sustained multiplied by 1.000 and divided by the total hours of exposure to injury. The total number of hours of exposure was calculated as the number of handball players multiplied by the length of play multiplied by the number of games played. The number of male and female injuries was 17 and 11 while the number of male and female players was 32 and 30. Lastly the number of games played was 64 for male and 54 for female. For the training for male and female players the number of trainings was 509.6 and 512 for the last two years while the duration of training for both genders lasted 1.5 hours. (2006) who reported an injury incidence for male players 0.6/ (1000h) during training. For female players the results in our study are far from other researchers who found much higher incidence rate. For example Wedderkopp et al. (1997) , (1999) reported an injury incidence rate for female players 3.4/ (1000h) during training while the sample of these studies differentiated a lot from our study and presented injuries only for female athletes aged 16-18 years and stems from intermediate and recreational level.
The difference in severity in our results between the gender is probably because females have a significant higher risk to ACL injury than men (Henke et al., 2014) . Furthermore, for knee injuries there are more cases of serious ligament injuries which are usually treated by means of surgery. Cumps et al. (2008) , figured out that ACL injuries cause the highest direct costs.
From correlation analysis our results showed that there was a significant difference between the gender and the use of prophylactic equipment. Aaltonen et al. (2007) and Kreische (2007) reported there is an evidence of preventive effect which can be done by the external joint support. Thus, male players must use protective equipment more often.
As far as the type of injuries is concerned, the most common acute injuries were sprains, with knee, ankle and fingers being the most frequently affected locations followed by contusions and strains (Froböse et al., 1996; Olsen et al., 2006; Seil et al., 1998; Wedderkopp et al., 1997) .
Regarding the localization of injuries and the difference between the genders is concerned it is because younger athletes seem to be more prone to injuries of the upper body regions, especially finger injuries (Luig and Henke, 2010 ). In our sample of female players there were senior girls.
Concerning the overuse injuries and players' opinion of what the reason for their injuries was, it seems that both female and male players don't know what the reason and the cause of their injuries was. In our study injuries seem to be acute injuries. The most common acute injuries are sprains with knee ankle and fingers being the most frequently affected locations followed by contusions and strains (Froböse et One possible explanation for the difference between the genders as far as the mechanism of an injury is concerned is that generally in team handball most players get injured in contact situations while these injuries are most commonly less severe (i.e. minor contusions) compared to non-contact injuries (i.e. ACL injury) (Henke et al., 2014 ). As we mentioned before females have a significantly higher risk of ACL injury than men players, while 90% of ACL ruptures were reported to happen without the opponents' or teammates' contribution (Myklebust et al., 1997; Myklebust et al., 1998; Myklebust et al., 2003) . This VOLUME 10 | ISSUE 4 | 2015 | 912 reason possibly also explains why male players presented more injuries from contact with opponents than female players.
When it comes to the treatment, ligament injuries and specifically ACL injuries are usually treated by means of surgery (Luig & Henke, 2010) . The results of our study are controversial and must be studied thoroughly. Besides it is clear there is a necessity of studying this matter in another study in depth. Luig and Henke (2010) supported the knowledge of medical and no medical treatment which appears in the literature as a part of multifaceted approaches of handball injuries.
As far as the days of absence are concerned, our results are similar to those of Salman (2014) who found statistical difference between the genders and the absence after an injury in team handball. However, his sample consisted of moderate and recreational handball players.
As regards to the modification of the training program, it seems female athletes had a dispersion in modification of training programs after an injury and sometimes they followed modification programs and other times they followed training with no modification. We believe this depends on how serious or not the severity of their injury is.
CONCLUSIONS
Conclusively, it seems from the review of the bibliography to date, that the role of the gender in risk factors and characteristics of injuries in handball players is a controversial issue and needs more research. In our study we examined this and we found that gender plays an important role and is a crucial factor for the definition of handball injuries and for their prevention. Thereby, gender affects risk factors and the characteristics of handball injuries. Consequently, the use of prophylactic equipment, the type of injury, the localization of injury, the player's opinion of what the reason for their injuries was, the mechanism of injury, the severity of injury, the treatment of injury, the number of days before returning to the same sporting activity after injury (absence) and the modification of the training program after an injury, a significant difference exists between male and female athletes of national handball teams.
